)i~/73B'7 


UNCLASSIFIED 


•  K 


UNCLASSIFIED 


BNL-115i 


Subject  Category:  PHYSICS 


UNITED  STATES  ATOMIC  ENERGY  COMMISSION 


SERIAL  REPORTS  ON  START-UP  EXPERIMENTS, 
NO.  4.  THE  SIMULATED  BAROMETRIC 
COEFFICIENT 


By 

Jack  Chernick 


^  Etibiic  zckjoafii  \ 


February  15,  1951 

Brookhaven  National  Laboratory 
Upton,  New  York 


Technical  Information  Service,  Oak  Ridge,  Tennessee 


DXIG  CiUiUiTii 


Work  performed  under  Contract  No.  AT~30-2-Gen-l6. 
Date  Declassified:  November  Ik^  1955* 


This  report  was  prepared  as  a  scientific  account  of  Govern¬ 
ment-sponsored  work.  Neither  the  United  States,  nor  the  Com¬ 
mission,  nor  any  person  acting  on  behalf  of  the  Commission 
makes  any  warranty  or  representation,  express  or  implied,  with 
respect  to  the  accuracy,  completeness,  or  usefulness  of  the  in¬ 
formation  contained  in  this  report,  or  that  the  use  of  any  infor¬ 
mation,  apparatus,  method,  or  process  disclosed  in  this  report 
may  not  infringe  privately  owned  rights.  The  Commission  assumes 
no  liability  with  respect  to  the  use  of, or  from  damages  resulting 
from  the  use  of,  any  information,  apparatus,  method,  or  process 
disclosed  in  this  report. 


This  report  has  been  reproduced  directly  from  the  best 
available  copy. 

Issuance  of  this  document  does  not  constitute  authority 
for  declassification  of  classified  material  of  the  same  or 


ington  25,  D.  C. 


SERIAL  SEi-^ORTS  Op  ST.IRT-UP  ©2’ERII*33NTS 
The  Siriulated  3j.ronetric  Coeffioiant 
By  Japlc  Chorale  k 
February  I5,  1951 


Introduction 

The  baronetric  coefficient  of  a  reactor  lias  been  deter  .ed  in 
the  past  by  folloviring  the  change  in  reactivity  due  to  variatior.  in 
atmospheric  pressure.  These  changes  are  normally  small  and  it  has  there¬ 
fore  been  difficult  to  obtain  an  accurate  me -.surement  of  the  barometric 
coefficient.  For  this  reason,  it  v/as  decided  to  use  the  reactor  fans 
to  simulate  the  barometric  effect,  By  sealiAS  'the  inlet  air  dvicts  and 
operating  one  or  more  fans  a  uniform  pressure  drop  ranging  from.  I5  to  53 
ran  Ilg  could  be  maintained  over  the  reactor.  These  pressure  changes  are 
much  greater  than  would  be  provided  by  the  most  severe  weather  conditions. 
Result s  of  the  Ssp erinent 

The  results  of  the  experiment  are  given  in  the  follovdng  table 
v/hich  shows  the  critical  rod  positions  under  the  different  pressure 
conditions^  and  the  reactivity  changes  involved. 


T-IBLE  J 


Critical  Rod 
Position  (cm) 

i»25.2 

kh5*3 

hJO^B 

490*7 

419*8 


Pressure  Prop 

^  Am  He.) 

Change  in 
Pressure  (i^in  Hg) 

Barometric 

Chm ge  in  Coefficient 

Reactivity  (inh)  (inh/mmHg) 

0 

15.4 

15.4 

5.6 

0.36 

38*3 

22.9 

7.0 

0.31 

55.2 

14.9 

5.5 

0*37 

0 

53.2 

19.7 

0,37 

•  1  - 

The  average  value  obtained  is  thus  0,35  *  O.Oli^  irV^  Hg,  The  internal 
neasure  of  precision  does  not  reflect  the  actual  accuracy  of  the  experinent. 

The  sensitivity  of  the  control  rod  in  the  region  from  i;25  to  i;90  on 
is  very  close  to  constant  as  can  be  seen  from  Fig*  7  C-l;513,  the  second 

report  of  this  series.  Its  value  could  be  checked  from  data  obtained  in 
the  present  experiment,  Wo  get  O.278  i  0,012  int/cm  which  is  in  good 
n.greement  with  previous  data.  The  error  introduced  by  the  uncertainty  in 
the  rod  calibration  is  thus  about  iiJ-o.  A  possibly  more  serious  source  of 
error  is  indicated  by  the  fact  that  the  final  critical  position  of  the 
control  rod  differs  from  its  initial  position.  The  loss  of  reactivity 
involved  is  1.5  inh  out  of  a  total  phange  of  about  I9  inh.  The. possible 
error  involved  is  8%,  An  increase  of  l^C  in  the  overall  reactor  temperature 
could  account  for  the  discrepancy, 

he  therefore  estimate  th©  barometric  coefficient  of  the  BNL  reactor 
at  0,35  ^  0,03  ixih/rm  Hg,  The  error  estii^iate  is  probably  conservj*  ivo. 

This  value  is  undoubtedly  the  most  accurate  yet  obtained  in  reactor  v:ork. 

If  there  exists  a  residual  effect  due  to  the  diffueica  of  nitrogen  through 
relatively  inaccessible  graphite  pores,  it  is  small  and  does  not  show  up 
at  the  pressure  differences  involved  in  these  experiments. 
top eri mental  Details 

The  simulated  barometer  experiment  took  place  on  the  night  of 
August  31,  1950  at  a  loaning  of  lj,17  channels.  The  loo.ding  pattern  was 
the  same  as  that  used  in  the  hot  rod  experinent  (Fig*  hy  ^^hh'^3) f  with 
two  central  channels  vacant  for  Nev/son  hole  evaluation.  The  inlet  air 
ducts  were  seo^lod  prior  to  the  experimental  run  with  wooden  4  x  U  boards 
covered  y/ith  plyv;ood  and  tarpaulin,  Froti  one  to  three  fans  were  turned 
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on  during  the  experinent  v/hioh  ran  from  19^15  22:05.  There  v/as 

little  change  in  atraospheric  pressure  during  the  run.  The  follovdng 
accurate  pressure  data  were  taken  at  the  Meteorology  station  on  August  3T# 
Tine  (EST)  Atmospheric  Pressure  (m  Hg) 

16;30  759.13 

759.08 


19?  30 

22t30 


758.57 


Reactor  temperatures  were  not  road  and,  as  already  noted,  may  account  for 
the  small  loss  in  reactivity  observed  at  the  end  of  the  e3?;periDental  run. 

The  reactor  v^as  started  up  at  19:15  £I0T  with  all  rods  put  and 
levelled  off  at  virtually  zero  power  with  the  control  rod.  The  first 
fan  v/as  turned  on  at  i9s52t  Subsequent  events  are  shov/n  graphically  in 
Figs.  1  to  3  which  give  the  neutron  counting  rate  against  tine^  the  reactor 
periods  correspondiiag  to  the  different  settings  of  the  control  rod  and 
the  pressure  drop  across  the  reactor.  Some  of  the  difficulties  encountered 
during  the  experiraent  are  likevdse  shovjxi  in  those  graphs.  Thus  a  second 
fan  was  turned  on  at  20:28  but  failed  to  operate.  Again  there  w'as  some 
difficulty  in  finding  the  exact  critical  position  ^yith  two  fans  in  operation. 

The  reason  for  this  difficulty  is  apparent  from  Table  II  which  shov/s  that 
the  reactor  pressure  v/as  gradually  decreasing  during  this  time.  The  reactor 
pressures  v/ere  measured  in  both  the  north  ahd  south  plenuia  charabprs  wdth 
mercury  manometers  and  at  the  gap  with  a  more  accurate  micromanometor.  Tho 
data,  tabulated  in  Table  II,  show-  that  there  v/as  little,  if  tny,  pressure 
gradient  over  the  reactor.  The  final  times  shovm  in  this  table  should  not 
bo  taken  literally  as  there  vyas  some  trouble  vdth  the  clock.  The  pressure 
jumps  are  however  readily  correlated  with  the  data  shov/n  in  Figs.  1  to  3. 


Reactor  Pressure  Drop  (nm  lig) 


Tine  (EST) 

South  Plenum 

North  Plenum 

Gap 

19:50 

0 

1 

0 

19:55 

13 

13 

13.5 

20:00 

15 

15 

16,14. 

20:05 

15 

15 

15,8 

20:10 

15 

15 

15.8 

20:15 

15 

15 

15.8 

20:20 

15 

15 

15.8 

20:25 

15 

15 

15.8 

20:30 

11+ 

15 

15.8 

20:35 

19 

i4 

lh.7 

20:^0 

— 

13 

12.9 

20tk5 

37 

35 

37.7 

20:50 

37 

37 

37.8 

20:55 

37 

37 

37.8 

21:00 

37 

38 

38.3 

21:05 

38 

38 

38.3 

21:10 

38 

36 

38.5 

21-!  15 

51 

51 

51.9 

21:20 

53 

53 

53.1 

21:25 

53 

53 

21:30 

53 

53 

53.1 

21:35 

53 

53 

53.1 

21:1+0 

53 

53 

53.3 

21:1+5 

53 

53 

53.3 

21:50 

53 

53 

53o5 

21:55 

53 

53 

53.3 

22:00 

2 

2 

0.1 

The  reactor  periods  shown  in  Figs*  1  to  3  wore  obtained  graphically 
rather  than  by  more  ob;jective  numerical  methods.  This  mothod  is  used  as  a 
time-saving  device  in  view  of  the  large  mount  of  oxperiraental  data  collected 
and  the  limited  manpower  available.  Reactor  periods  wore  converted  to 
inhours  of  reactivity  by  moans  of  tho  Hughes  formula? 


inh  " 


5^4  +  gO.3  +  20h  535  .  a036  .  787 

'T  ^  -r  +  0.62  ^  T  '+  2.19'  ^  T  +  bf5  ^  T  +  31.7  ^  tT803 


y^e  have  consistently  uped  the  Hnshos  formula  for  this  conversion*  Hov/ever, 
the  formula  may  require  modification  on  the  basis  of  BHL  suberitical  experi¬ 
ments  v/hich  have  not  yet  been  analyzed*  It  should  be  noted  that  refinement 
of  the  formula  niay  necessitate  the  appropriate  modification  of  temperature 
and  barometric  coefficients^  etc. 

In  Table  III,  v/e  have  listed  the  data  required  to  evaluate  the 
simulated  barometric  coefficient  of  the  reactor.  Critical  rod  positions 
(Table  l)  were  obtained  from  these  data  by  interpolation*  In  addition^ 
tho  sensitivity  of  tho  ^  control  rod  could  be  obt::dnod  from  the  reactivity 

changes  associated  with  rod  movements  at  approximately  constant  reactor 

'\ 

pressuro.  Since  the  rod  sensitivity  is  maximal  at  about  iiilO  cm,  the  sensi¬ 
tivity  curve  is  quite  flat  in  the  1+20  -  ij.90  cm  ro.ngo*  By  lumping  all  the 
pertinent  data  together  we  obtain  a  value  of  0.278  *  0*012  inh/m  for  tho 
rod  sensitivity  in  this  range*  As  has  been  noted,  this  value  is  in  good 
o.groemont  with  previous  calibration  data. 


TABLE  III 

Reduction  of  Experinental  Do.ta 


Tine 

Interval 
(EST 


5-10 
19:19  -  25 
19:25  -  57 
19:57  -  1+8 
19:1:8  ^  50 

19  •.•55  -  56 

19*56  f  20:01 
20:01  -  05 
20:05  -  I5 

20 
20 

20:22  -  53 
20:1:2  -  JiS 


21:09  -  13 
21:15  -  20 
21:20  n  25 
21:25  -  29 
21:29  -  J+l 
21:41  -  46 
21:46  22:05 


#9  Rod 
Position 


Pressure  Drop 


Reactor  Period  Reactivity 


0 

67.4 

37.1 

3 

1 

5/070 

1.17 

)i: 

! 

-6,590 

-  0.57 

;o 

i 

1 

-40,000 

-  0.09 

)i: 

i 

\i' 

-540 

-  7.24 

10 

13.5 

775 

4,48 

>3 

15.1: 

-2,700 

-  1.36 

)2 

i 

1 

4,300 

0.83 

)3 

1 

\ 

1 

-12,600 

m  0,  29 

12 

i 

i 

i 

! 

-50,000 

-l48 

-  0.12 

-34.8 

i3 

i 

40,000 

0,09 

'3 

37 

533 

6.40 

3 

58 

4,800 

0,75 

1 

38,5 

J 

-17,000 

-  0.19 

1 

-234 

-18,7 

10 

51.5 

830 

4.20 

55.2 

-250 

-17.3 

2 

j 

790 

4,41 

0 

20,000 

0,18 

2 

-2,280 

-  1.62 

1 

V 

16,000 

0.23 

SIMULATED  BAROMETER  EXPERIMENT  AU6. 31,1950 

NEUTRON  COUNTING  RATE  VS  TIME  LOADING:  417  CHANNELS 
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